I
n seriously ill patients, central venous and arterial catheters allow immediate and durable access to the vascular system for the purposes of administering large volumes of fluid or medications, monitoring important physiologic variables, and obtaining reliable blood samples for routine laboratory tests (1) . Although intravascular lines are also commonly used to draw blood for culture, this practice has been discouraged (2, 3) because of concern that contamination rates may increase (i.e., decrease the specificity of a positive result), leading to increased cost (4) . Previous studies aimed to evaluate the reliability of blood cultures drawn from catheters compared to those obtained from a peripheral venipuncture (5) (6) (7) (8) (9) (10) (11) (12) have not considered the clinical significance of isolates or when some clinical assessment was done it was not blinded and lacked a clear "gold standard" definition of true bacteremia. Recently, we reported the results of a retrospective study in patients with cancer using a strict definition for true bacteremia and a blinded assessment of true bacteremia by infectious diseases specialists (13) . In this study, global performance characteristics (sensitivity, specificity, and predictive values) of cultures drawn from a central venous catheter were not significantly different from those collected from a peripheral venipuncture, although a nonstatistically significant trend toward lower specificity of catheter draws was apparent. However, these observations may not be applicable to clinical settings where patients' characteristics, type of intravascular lines, and practices concerning catheter care and blood draw may be different. As long as obtaining blood from catheters for culture prevents trauma to the veins and may assist in the diagnosis of line-related bacteremia (14) , it is foreseeable that this practice will continue being prevalent in settings where intravascular catheterization is a routine procedure. We decided to undertake a retrospective evaluation of paired blood cultures from patients hospitalized in the surgical and the cardiothoracic intensive care units (ICUs) of our institution to determine the sensitivity and specificity of blood for culture drawn through a central venous or arterial catheter compared with that for culture samples obtained through peripheral venipuncture, using a predetermined definition for true bacteremia and blinded assessment. We also examined antibiotic use and clinical outcomes for patients in whom a paired culture yielded discordant results.
MATERIALS AND METHODS
All blood cultures from patients admitted to the surgical and cardiothoracic ICUs of the New England Medical Center, a 300-bed tertiary care university-affiliated hospital, performed between November 1994 and August 1997 were retrospectively screened. Information gathered from the patient records included admission diagnosis, type and date of catheter placement, antimicrobial use, other culture results, and relevant clinical data (presence of fever, rigors, and hypotension; white cell count; presumed focus on infection; and in-hospital mortality).
Definitions. A paired culture was defined as at least one blood culture set clearly labeled as drawn from central venous or arterial catheter and at least one blood sample drawn through a peripheral venipuncture. Blood samples had to be drawn within 4 hrs of each other.
Two physicians, blinded to the source from which the blood culture was drawn, classified paired cultures with at least one positive result as true bacteremia (or fungemia) or contamination. A modification of previously published criteria (15, 16) were used as follows: 1) certain pathogens, such as Staphylococcus aureus, Gram-negative bacilli and Candida species isolated from any culture sample represented true bacteremia or fungemia; 2) common skin contaminants (coagulasenegative staphylococcus, diphtheroids, Propionobacterium species, Bacillus species, or Micrococcus species) or viridans streptococci isolated from two or more culture samples drawn from different sites and associated with fever (body temperature Ͼ38.3°C), rigors, or hypotension (systolic blood pressure Ͻ90 mm Hg) were considered true bacteremias; and 3) polymicrobial infection with the same organisms in more than one culture sample and associated with fever (body temperature Ͼ38.3°C), rigors, or hypotension (systolic blood pressure Ͻ90 mm Hg) were considered true bacteremias. To make decisions when the above criteria were not applicable, physicians had access to results of all other blood cultures (obtained from 7 days before to 7 days after the paired culture) and clinical data, including other sites of infection, antibiotic use, temperature, and laboratory data (obtained from 2 days before until 2 days after the paired culture). Both physicians evaluated the culture pairs together to reach complete agreement.
Outcome Measures. The main outcome measures were sensitivity, specificity, and positive and negative predictive value for catheter draws and peripheral venipuncture, using blinded experts' assessment of true bacteremia as the "gold standard." For paired cultures that yielded a discordant result, antibiotic use, length of stay (time from paired blood cultures to discharge), and in-hospital mortality were examined. In addition, for discordant paired cultures that yielded a true bacteremia organism, two physicians, blinded to the source of the isolate, determined how often antibiotic therapy was needed beyond that which the patient was receiving before or on the same day the samples for culture were obtained. In a similar fashion, for discordant paired cultures that yielded a contaminant, we determined how often antibiotic therapy was specifically directed at the contaminant. Specific therapy directed at the contaminant was defined either as initiation of antibiotics within 72 hrs of the paired culture in response to the isolate or the continuation of specific therapy directed at the contaminant beyond the time when another indication to administer antibiotics had resolved.
Blood Culture Technique. Blood cultures were performed by critical care nurses caring for the patient. Before taking the blood sample, skin was disinfected with povidone-iodine and catheter ports or stopcocks with either povidone-iodine or 75% isopropyl alcohol. A 10-mL blood sample from each draw was inoculated in aerobic and anaerobic media and processed by using ESP 384 Blood Culture system (Accumed International, Westlake, OH).
Statistical Analysis. Multiple blood culture pairs drawn from a single person during one or more hospitalizations were allowed to be included in the study. To adjust for potential clustering around patient, hospital admission, and blood culture, bootstrap estimates (17) were calculated by creating 2,000 random samples of 499 observations, sampling with replacement from the original data set (n ϭ 499). For each sample, we calculated sensitivity, specificity, positive predictive value, and negative predictive value for catheter draws (central venous and arterial catheters both together and separately), peripheral venipuncture and catheter minus peripheral venipuncture differences. The bootstrap point estimates represented the mean point estimates of the 2,000 samples and the bootstrap 95% confidence intervals represented the 0.025 and 0.975 percentile values of the point estimates of the 2,000 samples. Exact two-sided p values were calculated. Differences in length of stay were analyzed by using the Kruskal-Wallis test. All statistical analyses were performed by using the SAS system for Windows, version 6.12 (SAS Institute, Cary, NC).
RESULTS

Culture Results and Clinical Characteristics.
During the period studied, 490 paired blood cultures met our criteria for a paired blood draw from a central venous or arterial catheter and peripheral venipuncture. These 490 paired cultures were obtained from 271 patients with 277 admissions to the surgical or cardiothoracic intensive care units. Sixty-four paired blood cultures collected from 58 patients with 59 admissions contained at least one positive result. The 271 patients constituting the whole cohort had a mean age (SD) of 63 (15) years and were predominantly males (62%). Admission diagnosis to the hospital was coronary artery disease in 75 cases (27%), other cardiovascular diseases in 44 (16%), non-neoplastic surgical intraabdominal diseases in 51 (18%), solid organ neoplasms in 40 (14%), end-stage liver disease in 16 (6%), intracranial hemorrhage in 10 (4%), gastrointestinal bleeding in 7 (3%), orthopedic diseases in 6 (2%), and a miscellany in 28 (10%). Two hundred and fifty-three (93%) patients were admitted to the ICUs in the immediate postoperative period or had undergone at least one major surgical procedure during their stay. The first surgical operation involved the cardiovascular system in 113 patients (42%), the gastrointestinal or biliary tract in 95 (35%, including 17 orthotopic liver transplants), the central nervous system in 10 (4%), the respiratory system in 12 (4%), and a number of other procedures was performed in 23 (8%). When the 58 patients from whom paired blood cultures with at least one positive result were compared with the 213 with negative paired cultures, no difference in age or gender was found but patients with positive results had more commonly an admission diagnosis of coronary artery disease (38% vs. 25%, p ϭ .048) and undergone more frequently a cardiac surgical procedure (43% vs. 28%, p ϭ .03).
Out of 490 paired blood cultured obtained, 259 (53%) were drawn from temporary central venous lines, 219 (45%) from arterial catheters, 11 (2%) from Hickman catheters, and only 1 from a subcutaneous port. Paired cultures with at least one positive result were less frequently drawn through arterial catheters (21 out of 64, 33%) than paired negative cultures (198 out of 426, 46%) (p ϭ .04). Demographic and clinical characteristics of patients from whom 64 paired blood cultures with at least one positive result were obtained are shown in Table 1 .
For the purposes of analysis, each instance in which an organism representative of true bacteremia was missed by the corresponding paired culture constituted an independent observation. For exam-ple, one paired culture in whose catheter blood sample grew S. marcescens, E. cloacae, and E. faecalis whereas the corresponding peripheral culture yielded only S. marcescens was counted as one catheter-positive/peripheral-positive and two additional catheter-positive/peripheralnegative observations. In a similar fashion, when a contaminant grew along with a true pathogen in the same or the corresponding paired sample, it was also duplicated as a separate observation. On the other hand, catheter or venipuncture draws that yielded only contaminants when the corresponding paired sample was negative were counted once, no matter the number of recovered organisms. Table 2 ).
Performance of Catheter Draw and Peripheral Venipunctures. According to our definition of true bacteremia, sensitivity was 78% (confidence interval [CI], 65% to 90%) for a catheter draw and 65% (CI, 50% to 79%) for peripheral venipuncture, based on bootstrap analysis (Table 2) . Differences in sensitivity were not statistically significant either when analysis was based on the whole series of paired observations (13 ) and those obtained through peripheral venipuncture suggest that a negative culture from either source has similar ability to rule out bloodstream infection. The effect of prevalence of true bacteremia over a range from 2% to 30% on posterior probabilities is illustrated in Figure 1 , which demonstrates very little change in the negative predictive value.
Examination of the effect of misclassification of true-negative cultures as truepositive over a range of 1% to 3% decreased the negative predictive values of catheter and peripheral venipuncture draws up to 95% and 94%, respectively, maintaining the differences between them in the range of 1 percentage points. Effect of misclassification on the differences in sensitivity and specificity between catheter draw and peripheral veni- 10 (17) BP, blood pressure; WBC, white blood cell count.
puncture was also minimal (data not shown). Misclassification analysis of truenegative cultures cannot affect positive predictive values, inasmuch as the latter are based only on cultures initially being found to be positive, and these remain unchanged. Discordant Blood Cultures Results, Antibiotic Use, and Outcome. After blood culture results became available, additional antibiotic therapy directed at the infecting strains was added to 9 of 15 (60%) patients with 16 catheter-positive/venipuncture-negative true bacteremia or fungemia observations and to 7 of 10 (70%) patients with a true pathogen recovered only from a peripheral venipuncture (p ϭ .7) (Appendix 3).
Both groups remained hospitalized for a similar period of time (p ϭ .11) and had a comparable mortality (5 of 15 in the catheter group and 2 of 10 in the peripheral group, p ϭ .6).
When a catheter sample yielded a contaminant, 7 of 20 (35%) patients received specific antibiotic therapy directed at the isolate, in comparison with 3 of 8 (38%) patients in whom the peripheral blood sample yielded a contaminant. Two patients in both the catheter and the peripheral groups had an additional episode of true bacteremia. Length of stay for the 18 patients with only contaminants in their catheter samples was not different from the 6 patients with only contaminants in their venipuncture cultures (p ϭ .33). Three out of 18 (17%) patients with catheter contaminants died in hospital compared with 3 of 6 in the peripheral group (p ϭ .14).
DISCUSSION
Our results indicate that in patients admitted to a surgical or cardiothoracic ICU, cultures of blood drawn through a catheter are less specific than those obtained from a peripheral venipuncture. In almost half of paired samples, the cathe- ter used for blood drawing was an arterial line, and 96% of the remaining venous central catheters were of a temporary type. When paired blood cultures obtained through central venous and arterial lines were analyzed separately, it was apparent that the lower specificity of catheter draws compared with venipuncture draws was a result of a higher number of false-positive results (i.e., contaminants) in samples collected through central venous lines. In the whole series, the absolute difference in specificity between catheter and venipuncture samples (Ϫ3 percentage points) was relatively small. At the overall prevalence of true bacteremia (9%) observed in the study population, the positive predictive value of culture obtained through a catheter (63%) was, although lower, not significantly different from the value estimated for blood drawn through peripheral venipuncture (78%). However, when central venous catheter/peripheral venipuncture pairs were analyzed separately, the point estimate of the difference in specificity rose to 5 percentage points in favor of venipuncture samples and the predictive positive value of central venous catheter draws (61%) was significantly less than of peripheral venipunctures (82%). The lower 95% CI boundaries of the predictive positive value for central venous line samples and all catheter draws were 46% and 51%, respectively, compared with 64% and 65% for venipuncture cultures.
As expected for any test, these positive predictive values will worsen as the prevalence of bloodstream infection decreases (Fig. 1) . Therefore, a positive culture drawn from a central venous line may be particularly inconclusive or unhelpful in the critical care setting and its proper clinical interpretation has to be done in the context of the prior likelihood of infection, the organism involved, the clinical condition of the patient, and other available microbiological data. With respect to the prior likelihood of true bacteremia, the observed 9% figure is probably a good representative of the prevalence of bloodstream infections in critically ill patients. Although a lower rate of 4.6% was reported in an study published more than a decade ago (9), a recent multicenter survey found that among 564 patients with sepsis syndrome hospitalized in ICUs at the onset of symptoms (18) , the prevalence of true bacteremia was 11%. We believe that the lower specificity and positive predictive values of central venous samples observed in ICU patients compared with those we previously found in cancer patients are not attributable to differences in sample size or prior likelihood of bacteremia. Instead, they probably reflect either increased rates of contamination at the time of blood collection caused by breaks in adherence to proper procedures, or higher rates of colonization of hubs or catheters themselves in the ICU setting. On the other hand, blood samples drawn from arterial catheters performed quite well in the present study, so we could not confirm prior observations suggesting that these samples are particularly prone to provide falsepositive results due to the high frequency of bacterial colonization of stopcocks (19, 20) . Although the issue remains controversial, at least in one experience the lack of disinfection of stopcocks could be the reason for the high false-positive rate reported (7). We can only speculate that adherence to procedures regarding care and manipulation of arterial catheters in our ICUs may explain the observed results.
Besides the assessment of the potential utility and shortcomings that a positive culture obtained from a catheter or a peripheral venipuncture has to predict true bacteremia in patients admitted to an ICU, our data indicate that a negative culture may also provide useful information. We found that the predictive negative value of a blood culture drawn from either an arterial catheter, a central venous catheter, or a peripheral venipuncture was not Ͻ94%, even over a range of prevalence of positive blood cultures. Therefore, the ability of a negative blood culture to rule out bloodstream infection seems to be quite good, regardless of the method.
The independent assessment of true bacteremia allowed us to evaluate the impact that positive cultures obtained through catheters had on the use of antibiotics. Contaminants recovered from catheter draws led to the unnecessary administration of antibiotics in 7 out of 277 patient admissions compared with 3 patients in whom a peripheral venipuncture yielded a contaminant. On the other hand, true bacteremias detected only by catheter draws or peripheral venipuncture prompted an appropriate course of antimicrobial therapy in 9 and 7 patients, respectively. Therefore, although positive blood cultures from catheter draws may have a small cost in terms of unnecessary antibiotic therapy, they seem to contribute to the detection and appropriate treatment of true bacteremias at least to the same degree as cultures obtained from peripheral venipuncture.
Strengths of our study include the use of a predefined definition of true bacteremia and the fact that physicians who made decisions were blinded to the source of bacteremia. In this analytical framework, classification bias was unlikely. In addition, the sample size was greater for both central venous and arterial catheter pairs than that of studies published so far in the ICU setting (6 -10, 12) . Study limitations include its retrospective design, the fact that patients were treated in the surgical and cardiothoracic units of a single institution, and the lack of evaluation of the 426 catheternegative/venipuncture-negative to determine whether any of these pairs represented false-negative results. However, if one assumes a false-negative result rate of 1% (based on data from a study in which 99.3% of bacteremic episodes were detected by the first two blood culture sets (21)), application of these estimates to our data revealed a negative predictive value of 97% for catheter draws and 96% for peripheral venipuncture. The difference of 1 percentage point is almost identical to that found in the analysis that does not assume misclassification, and remained unchanged over a range of 1% to 3% results misclassified as falsenegative.
In conclusion, blood cultures drawn through catheters are less specific than those obtained from peripheral venipuncture in surgical intensive care patients. When central venous lines are used, an increased number of contaminants should be expected and additional cultures will commonly be needed for the proper interpretation of a positive result. However, the impact of contaminants on the appropriateness of antibiotic use seems to be minor and may well be offset by the trend toward increased sensitivity of catheter draws, which is a valuable characteristic for a test aimed to diagnose bloodstream infections in a population frequently subjected to intercurrent antibiotic therapy. In addition, catheter draws are clinically useful for ruling out bloodstream infection in surgical intensive care patients. We think that these considerations have to be taken into account before using the lower specificity of catheter draws in the critical care setting as a definitive argument against the validity of obtaining blood cultures from lines. A more realistic approach would be to define guidelines for a uniform method of drawing blood for culture from catheters to minimize the procedure-associated risk of contamination of both the line and the blood sample.
